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I. Introduction

This topic is perhaps too resh'ictive for the material we shall include.
Although emphasis will be on nomenclature of antibiotic-producing
fungi, we shall discuss more broadly the problem of nomenclature for
fungi used in industrial fermentations. \tVe also shall indicate some areas
of mycological nomenclature that may be changed in the near future
in the Botanical Code, which covers fungi.

II. Antibiotic-Producing Fungi

Although there are a large number of species of fungi, only a relative
few have been found to produce antibiotics, and only seven antibiotics
are produced commercially. The 1970 Information Bulletin, No. 8 (3)
of the International Center of Information on Antibiotics lists 338 species
of fungi that produce antibiotics. According to 1967 (11) and 1970 (13)
lists assembled by Perlman, the following antibiotics are produced com
mercially: Fusidic acid formed by Fusidium coccineum Hickel, griseo
fulvin formed by Penicillium griseofulvim Dierk, penicillins f0l111ed by
Penicillium chrysogenum Thom, variotin formed by Paecilomyces varioti
Bainier, derivatives of cephalosporin formed by Emericellopsis (Cephalo
sporium), and fumagillin produced by Aspergillus fumigatus Fres. Since
then, siccanin produced by Helmintlwsporium siccans Drechsler has been
produced in Japan. According to Perlman (12), only three groups of
antibiotics are produced by fungi in the United States. These are the
cephalosporins, penicillins, and fumagillin.

1 Chief, Fermentation Laboratory, Northern Regional Research Laboratory, Peoria,
Illinois.

'ARS Culture Collection Research, Femlentation Laboratory, Northern Regional
Research Laboratory, Peoria, Illinois.
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III. Rules of Botanical Nomenclature

Fungi, including i\Iyxomycetes, Phycomycetes, Ascomycetes, Basidio
mycetes, Lichens, and Fungi Imperfecti, are covered by the International
Code of Botanical Nomenclature (6). This code covers all plants. It
originated in 1906, although a set of rules for nomenclature was pub
lished in 1867. Since then, the rules have been improved and revised
in 1912, 1935, 1947, 1950, 1952, 1956, 1961, 1966, and finally 1972. Refer
ences to all these codes appear at the end of the Botanical Code pub
lished in 1972. Generally, a new code is published after each Botanical
Congress. The code consists of a Preamble, Principles, Rules, and Recom
mendations; it lists both conserved and rejected taxa; it is published
in English, French, and German. In the 1972 Code, 58 genera of fungi
are conserved exclusive of Lichens. The only name of importance to
industrial fermentation is the genus Candida Berkhout, which is con
served over all its synonyms.

Initially, the rules of Botanical Nomenclature were considered at the
First Botanical Congress held in Paris in 1867. These rules were primarily
for vascular plants but also included bacteria and fungi. It was not
until 1947 that bacteriologists broke away from the Botanical Code,
primarily because the Botanical Code stated that living cultures are
not acceptable as types. The Botanical Code specifies that a type speci
men of a taxon of recent plants, the bacteria excepted, must be preserved
permanently and cannot be a living plant or culture. The International
Code of Nomenclature of Bacteria (7) incorporates many rules that
apply to the Botanical Code.

IV. Purpose of the Botanical Code

The Botanical Code arose to satisfy a need for an orderly manner
of naming taxa. As Shear (17) states, "the fundamental requirements
of a satisfactory nomenclature are uniformity, stability, exact application
and convenience."

The Botanical Code, as set forth in the Preamble:
1. Establishes a precise and Simple system of nomenclature to be used

in all countries.
2. Establishes a stable method of naming taxonomic groups.
3. Tries to avoid the useless creation of names.
4. Establishes rules (articles), which must be followed, and recom

mendations. Recommendations deal with subsidiary points; their objec
tive is to bring about greater uniformity and clearness, especially in
future nomenclature.
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5. Recommends, in the absence of a relevant rule or where the con
sequences of rules are doubtful, following established custom.

Examples of the application of the rules and recommendations are
cited after each rule and recommendation. Since fungi offer certain spe
cial problems, some rules are specifically designed for fungi.

V. Numbers of Fungi

One can ask how many fungi actually exist which are covered by
the Botanical Rules. Of course, there are hazards in estimating the num
ber of fungi. The figure most frequently quoted is 100,000 species. This
number is evidently based on the total compiled in Saccardo's Sylloge
Fungorum, Volumes 1 through 25 (15), plus an estimate of those pro
posed since. Martin (10) considered this figure to be "excessively con
servative." He based his statement on an exercise of randomly selecting
100 vascular plants and finding from Seymour (16) the number of differ
ent fungi that parasitized them. The result indicated an average of three
fungi per host species. ~hrtin suggested that, if to the total number
of parasitic fungi is added the number of saprobic fungi, the number
of good species of fungi is at least as great as the number of Phanerogams
(vascular plants). The number of Phanerogams is believed to be about
250,000. According to Ainsworth (1) the number of proposed new spe
cies of flowering plants is now static or on the decline. However, new
species of fungi proposed averaged 700 per year between 1920 and
1950. Currently, the Index of Fungi (5) lists more than 1000 newly
proposed names each year with about half of them redispositions.

VI. Botanical Rules Specifkally for Fungi

Botanical rules of nomenclature that speCifically deal with fungi in
clude an article on the names of fungi with a pleomorphic life cycle.
The pleomorphic life cycle refers to fungi that may have two or more
spore states. The mold that produces cephalosporins exhibits such a life
cycle. Consequently, the fungus that produces these compounds was
first described as a species of Cephalosporium because only the conidial or
asexual stage was known. Later the ascosporic or sexual (perfect) stage
was found, which belonged to the genus Emericellopsis (4). Commonly,
the fungus grows as a Cephalosporium, and only under certain conditions
will it produce sexual spores. The valid name for a fungus having a pleo
morphic life cycle is the earliest legitimate name typified by the perfect
state, but the name of the imperfect state can be used for convenience.
Hence, it would be correct to say that Emericellopsis has a Cephalo
sporium imperfect state for the species that produces the cephalosporins.
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A second section of one article in the Botanical Code lists the starting
dates for the nomenclature of fungi. The starting date for certain fungi
belonging in the Basidiomycetes begins with Persoon's book Synopsis
Methodica Fungorum, 1801. The starting date for Myxomycetes and
Lichens begins with Linnaeus' Species Plantarum, 1753, and the date
for the remaining fungi begins \vith Fries' Systema Mycologicum, 1821.
The third starting date is the one particularly important to fermentation
researchers because almost all fungi concerned started at that date or
later. Incidentally, the Botanical Code states that the nomenclature of
bacteria begins \vith Linnaeus' Species Plantarum, 1753. (The Bacterio
logical Code likewise begins with Linnaeus.) To us, 1753 is a poor
starting date for bacteria because Linnaeus was unaware of bacteria
and had only a fuzzy idea of what fungi were. A date after 1900 based
on a treatment of all bacteria would be a much more reasonable and
effective one. The proposed new Code for Bacteria (9) is just as inappro
priate because it states that the starting date should be moved to January
1, 1980. One wonders why 1984 might not have been suggested. The
Botanical Code can be revised only at International Congresses, and
the manner in which it can be revised is clearly stated.

In the Botanical Code the type specimen is clearly defined: It states
that a type specimen is a preserved specimen, not a living culture. For
example, when we have described a new species of mold, a dried culhrre
is designated the type, and it, or portions of it, are deposited in a herbar
ium. A type culture is not recognized in the Botanical Code because
it can change in appearance \vith repeated h'ansferring or it may actually
be lost. For many fungi, designating a culture or type offers certain
difficulties.

Of course, there are other examples of the rules dealing with fungi,
but thev are of little concern to us here.

VII. Comparison of the Botanical and Bacterial Codes

In Table I are given some differences between the Botanical Code
and the Bacterial Code. It is appropriate to make some generalizations
about the two codes as they affect applied microbiology. Since the Botan
ical Code has been in existence for a longer time, it is more stable
and the points of controversy are fewer. For example, in the next
Botanical Congress, the five issues or problem areas (8) as applied
to fungi are as follows: (i) whether or not a type culture should be
designated for fungi (we believe that this defect is the only serious
major one in the Code that needs to be corrected); (ii) clarification
of the rule that deals with pleomorphic fungi; (iii) clarification of start
ing dates and problems of overlap of groups with different starting



TABLE I
SO~H] COMI'AltlSONS 01" 'I'lIle BOTANICAl, AND BAC'l'EHlOLOGICAI, CODES

Description

Starting date
of nomeneJature

Language

Type

Effective and
valid publication

Pleomorphic
life eyeJe

Provision for
emendment of

Botanical code

Lichens } Linnaeus'
"Species Pllllltarum"

Myxomycetes May 1, 175:3
Uredinales (rusts) } Persoon's Synopsis
Ustilagenales (smuts) J}[cthOf!1:ca Fnnllorn,m,
Uastromycetes (putT balls) December :31, 1801
Fungi ) Fries' Systcma

lIIyco[o(j'icnnl,
Caeteri (all other fungi) January 1, 1821
After January 1, In:35 must be aecompanied by a

Latin description or diagnosis
"Type specimen ... must be preserved permanently

and CILIIllOt be a living plant or culture." If it, is
impossible to preserve n specimen, then "the type
may be a description or figure"

Distribution of printed material must be accompanied
by a diagnosis or reference to n previously effect.ively
published description. After January 1, Ina:3, no
name proposed in a tradesman's cntalog or in n
nonscient.ific newspaper is valid

Pleomorphie life eyeJes in Ascomyeetes and Basidio
mycetes nre reeognized. The valid nlLllle is the
"earliest legit.imate name typified by the perfeet
state," but names of impcrfeet states can be
commonly used

Modified by net of plenary session. Provides for 11
permanen t nomeneJatural eommittees and in eludes
a "Committee for Bacteria"

lhcteriological code

Linnaeus' Spccics Plantarum, May 1, 175:3. It is pro
posed to set this dnte as Jnnuary 1n80

None. Proposed code would require a deseription in
a fnmiliar language

A designated type strain or in specinl eases n descrip
tion, preserved speeimen, or illustrntion. Proposed
eode: Wherever possible a stmin of n living eulture.
If no living eulture is nvailnble, a later eultured
strain mny be designnted as a neotype

Printed mntter for sale or distribution to the geneml
public or bncteriological inst.itution is valid. IneJu
si()Il of a name in a pntent is not effeetive publieation

Nothing

,Modified by aetion of the International Committee on
Nomenelature and approval of a general meeting
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dates; (iv) provision for handling intraspecillc taxa not covered by the
Code; (v) registry of new names and proposals for conservation.

The starting dates of bacteria, both proposed and the current ones,
seem to be unreasonable. For fungi, the starting dates have been fixed
for a long time and are generally quite satisfactory. Such genera as
Penicillium and Aspergillus were described in Fries, and reference is
made to illustrations that clearly depict the same organisms we know
as these genera today. At least some of the species recognized by Fries
are Penicillium and Aspergillus in the modem sense.

Exclusion by the Bacteriological Code of patents as vehicles to publish
bacterial names is most unfortunate. In the Botanical Code publication
of names in patents is permitted since the article states, "Publication
is effected, under this Code, only by the distribution of printed matter
(through sale, exchange or gift) to the general public...." It spe
cifically excludes publication "in tradesmen's catalogs and nonscientillc
newspapers." Since patents are not in these categories but are part of
the scientific literature, are printed, and are available for sale, descrip
tions of fungi in patents, provided a Latin diagnosis is given, are effec
tively and validly published.

Because the procedure for amending the rules is clearly defined in
the Botanical Code, whenever changes are proposed they are seriously
studied. The consensus of many people is required before additions
or deletions can be made. In contrast, it appears that a few people
have been able to control changes in the Bacteriological Code.

The requirement for a Latin description included in the Botanical
Code has certain distinct advantages even though the language is no
longer a common everyday one. However, with the use of a dictionary,
almost everyone can read a simple Latin diagnosis. Taxonomists the
world over use this procedure, and even though it is impossible for
most \Vestem people to read articles written by either Russians or Japa
nese, these people give Latin descriptions that can be understood every
where. To Latinize a description requires some skill, but often help
can be obtained from friends who are expert in Latin or from faculty
members in classical language departments. Because a Latin description
is required, persons naming new taxa must be serious about the neVi
names they are proposing.

A special problem in industrial mycology involves the nomenclature
of induced mutants that may be very different in appearance from their
wild-type ancestors. The mutants should retain the species name of the
wild-type material. However, the Botanical Code has a section devoted
to "Names of Plants in Cultivation" in which variants produced by hy
bridization, mutation, or selection are of sufficient interest to receive
epithets preferably in common language (i.e., fancy epithets) markedly
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different from the Latin epithets of species and varieties. It cites several
examples such as Primula malacoides 'Pink Sensation.' Normally in micro
biology a strain number is used, not a fancy name.

Part of the reason for differences between the Botanical and Bacterio
logical Codes is that species, and even varieties, of fungi are described
on morphological grounds, whereas almost all the descliptions of bacteria
are physiological.

VIII. Descriptions of Fungi

Some may wonder what an adequate taxonomic treatment of a new
fungus should be. First, it should cite the name to be applied and the
appropriate taxon designation; for example, sp. nov., which means that
the authors consider it to be a new species. Following this designation
should be given the synonyms or names that are not valid and the
citations to where these were used first in the literature. Next comes
a description that typically gives the colony appearance, including color
on three or four media, which can be reproduced readily in other labora
tories. Color of the colonies on each medium should be desclibed from
a color chart at various ages and for both the top and bottom of the
colony. Then a description of the microscopic characters of the fungus
on one or more of the media should be given. Development of structures
and their mature appearance should be described. Measurements of
the size of all the morphological parts should be listed, including the
minimum, maximum, and average dimensions. Generally, this informa
tion should include the range and the average of at least 100 measure
ments. If there is a sexual state, it should be described and the conditions
under which it was induced to form should be given. The description
should give the data on physiological characteristics, such as the growth
at different temperahlres, sugars fermented or utilized, and other similar
traits.

In a separate paragraph the location of the type material, who collected
it, and the date it was collected should be reported, followed by a
statement indicating where the type specimen was deposited. A type
strain and its deposit number in an established culture collection can
be named here. Because the designation of a type strain number is
not prohibited by the Botanical Code, we believe a culture should be
so designated, and every attempt made to have the culture preserved.
The Latin diagnosis should follow the formal description in a common
scientifically used language. Often, it is put first rather than after and
it needs to only cover the more important characteristics of the taxon.
Some prefer to repeat the complete description in Latin.

Next should appear a statement indicating the origin of the new name
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its etymology). This statement should precede a description of the
geographic range of the fungus, so far as is known, and the host spe
ci£city if it is a parasite. Next comes a general discussion of how many
specimens or strains \vere studied and their sources. If there is any
question as to which family it belongs, the authors should indicate the
family to which they think it belongs and their reasons for placing
it there.

How the new taxon differs from its most closely related species needs
to be discussed, including an enumeration of the characteristics that
make it distinct. Sometimes it is helpful to give a diagnostic key to
the genus or portion of the genus to show how the species differs from
all other known species. Information needs to be provided as to how
stable the various characteristics mayor may not be. Also, there needs
to be information on additional strains and specimens studied and how
any of these differ from the type as well as how the species differs
fron: other species studied for comparative purposes.

The description of each new taxon requires illustrations (either photo
graphs or line drawings) including microscopic details. Finally, the de
scription and name must be both validly and effectively published ac
cording to the Intemational Code of Botanical Nomenclature (6).

IX. Type Cultures in Culture Collections

Because we are dealing here primarily with fungi used in industry,
and particularly in the antibiotic industry, the subject of deposit of
cultures, especially those in connection with patent applications, needs
to be discussed. Deposits need to be made in good permanent collections
whose standards are quite high. Along with Drs. Creech and 'Warwick
(2), one of us (CWH) has attempted to give the characteristics of
superior culture collections in the report Genetic Pools. The Conservation
of the "World's Genetic Resources in Plants, Animals, and 1\1icroorganisms
for use in Agriculture and Industry. These characteristics are repeated
here:

1. The collection must be part of, or closely related to, a research
laboratory concemed with either microbiology or fermentation, or both.
For example, at the Northem Regional Research Laboratory, Peoria,
Illinois, the ARS Culture Collection is one of four research units in
the Fermentation Laboratory. Interactions between microbiologists and
culture collection curators work to the mutual bene£t of both. The micro
biologist, being aware of general trends in microbiological research, is
able to anticipate future areas of interest and to give guidance as to
what microorganisms a culhlre collection should accession to meet future
needs. The curator, with his knowledge of the relationships among genera
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and the physiological requirements of various microorganisms, can make
valuable suggestions in return.

2. A culture collection must be well funded, and this funding must
be at a relatively uniform level each year. In many research operations,
a program may be increased or decreased readily with changes in the
amount of budgeted money. People can be shifted easily from one project
to another. A culture collection, on the other hand, is a continuing opera
tion that must be sustained without great fluctuations in either budget
or people from year to year.

3. A culture collection must have adequate facilities and equipment,
including h'ansfer rooms, refrigerator space, incubators, microscopic and
photographic equipment, autoclaves, and lyophilizers. Usually these facil
ities should be separate from those of other research groups.

4. Library facilities are necessary so that the staff may have access
to the taxonomic and microbiological literature being published not only
in the region or country of location, but also elsewhere in the world.

5. The collection should have an active and continuing program of
isolating new strains of microorganisms from nature. Such a program
will lead to the discovery of new products and reactions. New material
will add to understanding the classification of special groups of micro
organisms and will make it possible to discover species and genera new
to science.

6. The collection must have an adequate staff to support the curators.
By this is meant technical help for the preparation of media, sterilization
of glassware, maintenance of supplies, and similar service duties; secre
tarial help to keep the voluminous records and to handle correspondence;
and shops to construct special apparatus. Reliable sources of supplies
are also necessarv.

Optimally, ea~h curator should have a careful, intelligent, and dedi
cated assistant with some microbiological training. Technicians need
not be too specialized because they always must be trained in the special
techniques required by each group of microorganisms. Assistants should
handle periodic transfers, lyophilization and associated records, inocula
tion of cultures for study by the curator, seeding of flask cultures for
preliminary surveys for new products, and making and recording routine
observations on all cultures.

7. The curator (s) must do research as well as culture maintenance.
Each must have an active research program either in taxonomy or in
genetics, with preference to the former. Thus a curator \\i11 have an
intimate knowledge of the strains he is maintaining and will develop
a reputation as an expert in his field. Consequently, important material
will be sent to him for safekeeping, for identification, and for other
purposes. Other microbiologists will know from whom they may get
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expert advice, cultures, or materials to isolate cultures from. Culture
collection people not only should engage in research, but they should
report their research in the form of papers published in scientific journals,
give lectures, and occasionally take out initial patents.

8. College-trained men and women in collections must be aware of
the field of basic and applied microbiology and have an appreciation
of fermentation research and development. They must comprehend the
problems of geneticists, fermentologists, engineers, biochemists, and or
ganic chemists. Probably the most difficult job from the standpoint of
the administration of a culture collection involves indoctrination of the
curators in understanding other scientists' point of view, and bringing
them to realize that they are part of a team working toward established
goals whether in producing a product for sale or in the discovery of
new information about microorganisms. Collection staff must be made
aware of the needs of other research people.

9. Although the curators should be trained in taxonomy, the overall
background of the staff should have balance. If the collection has more
than one senior scientist, then the broader the interests of the group
the better. It does no good to have three specialists on bacteria and
yet have no mycologists, or vice versa.

10. At least in the larger collections, young people with new ideas
and kno\vledge of new techniques should be brought into the group
periodically. This means of rejuvenation may be supplemented with
postdoctoral fellows and exchange of personnel from other institutions.
They should not necessarily be people from other collections. In turn,
the resident staff needs periodically to travel or study in other
laboratories.

X. Publications Dealing with Fungal Nomenclature

Proposals for modifying the Botanical Code are published in Taxon,
the official organ of the International Association for Plant Taxonomists.
These modifications are periodically voted on by the membership and
can be accepted, rejected, or referred to a committee. Conserved fungus
names have also been published in Taxon. The names of fungi can
most easily be found in two references. The first is Ainsworth's Dictionary
of the Fungi (1), which gives all generic names, including lichens up
to 1970. Synonyms are referred to their proper genera. Generally, a
reference to a monographic treah11ent of the genus or to a recent treat
ment of the species is given. The second reference is the Index of Fungi
(5), which is published periodically-twice a year lately. The Index
of Fungi is a continuation of Petraks' Lists (14), which contained names
of fungi up to 1940. These two references give the place of publication
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of the species of fungi, and the Index of Fungi includes references
to new species as they are proposed.

It is to be hoped that future International Botanical Congresses will
devise a logical and methodical means of correctly solving the nomen
clatural problems confronting us.

REFERENCES

1. Ainsworth, G. C. (1971). "Dictionary of the Fungi." Commonwealth 1\Iycological
Institute, Kew, Surrey, England.

2. Creech, J. L., E. J. Warwick, and C. 'IV. Hesseltine. (1972). "Genetic Pools.
The Conservation of the vVorld's Genetic Resources in Plants, Animals, and Mi
croorganisms for use in Agriculture and Industry" (unpublished).

3. Delcambe, L. (1970). Infonnation Bulletin No.8. International Center of In
formation on Antibiotics, Etud'imprim, Liege, Belgium.

4. Grosklags, J. H., and M. E. Swift. (1957). Mycologia 49, 305-317.
.5. "Index of Fungi." (1940-1973) (and current). Vols. 1-4. Commonwealth Myco

logical Institute, Kew, Surrey, England.
6. International Code of Botanical Nomenclature. (1972). Published by the Interna

tional Bureau for Plant Taxonomv and Nomenclature of the International Associa
tion for Plant Taxonomy, Utrecht, Netherlands.

7. International Code of Nomenclature of Bacteria. (1966). Int. ]. Syst. Bacteriol.
16, 459-490.

8. Korf, R. P., D. L. Hawksworth, G. L. Hennebert, Z. Pouzar, D. P. Rogers, and
L. K. Weresub. (1973). plant Sci. Bull. 19,26.

9. Lapage, S. P., W. A. Clark, E. F. Lessel, H. P. R. Seeliger, and P. H. A. Sneath,
(1973). Int. J. Syst. Bacteriol. 23, 83-108.

10. ~vfartin, G. W. (1951). Iowa Acad. Sci. 58,175-178.
11. Perlman, D. (1967). Clzel7l. Week 101, 82-85, 88, 9.3-95, 98, and 100-101.
12. Perlman, D. (1968). Process Biochel7l. 3, 54-58.
13. Perlman, D. (1970). \Fallerstein Lab. COl7ll7lun. 33, 165-175.
14. Petraks' Lists. (1920-1939). In 8 parts. Commonwealth Mycological Institute,

Kew, Surrey, England.
1.5. Saccardo, P. A. (1882-1931). "Sylloge Fungorum," 25 vols. Published by the

author, Pavia, Italy. Vol. 26 published by Johnson Reprint Corp., New 'York,
1972.

16. Seymour, A. B. (1929). "Host Index of the Fungi of North America." Harvard
Univ. Press, Cambridge, j\fassachusetts.

17. Shear, C. L. (1936). ilfycologia 28, 3·37-.346.




